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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION. CORPS OF ENGINEERS

424 TRAPELO ROAD
WALTHAM. MASSACHUSETTS 02154

.TENTOF NOV 28 1979

Honorable Ella T. Grasso
Governor of the State of Connecticut
State Capitol
Hartford, Connecticut 06115

Dear Governor Grasso:

Inclosed is a copy of the Glen Lake Dam Phase I Inspection Report,
which was prepared under the National Program f or Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of. the dam. A brief assessment Is Included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-
mental Protection, the cooperating agency for the State of Connecticut.
In addition, a copy of the report has also been furnished the owner,
N~ew Haven Water Company.

Copids of this report will be made available to the public, upon
£ request, by this office under the Freedom of Information Act. In the

case of this report the release date will be thirty days from the date
of this letter.

EI wish to take this opportunity to thank you and the Department of
Environmental Protection for your cooperation in carrying out this
program.

Sincerely,

Indl 12 8 SCHEIDER
SWAs stated Colonel, Corps of Engineers

Division Engineer
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BRIEF ASSESSMENT

PHASE I INSP.CTION REFJRT

NATIONAL PROGRAM OF INSPECTION OF DAMS

Name of Dam: GLEN LAKE DAM
Inventory Number: CT - 00317
State Located: CONNECTICUT
County Located: NEW HAVEN
Town Located: WOODBRIDGE
Stream: SARGENT RIVER
Owner: NEW HAVEN WATER COMPANY
Date of Inspection: MAY 1, 1979
Inspection Team: PETER M. HEYNEN, P.E.

CALVIN GOLDSMITH
MIRON PETROVSKY
GEORGE STEPHENS
AL BUCHERI

The 380± foot long dam is a concrete gravity section
rising approximately 62 feet above the bed of the Sargent
River. The dam is founded on bedrock with the deepest
foundation extending to 75 feet below the top of the dam. The
spillway at the right end of the dam, is a concrete ogee sec-
tion 40 feet in width, with 9 feet of freeboard from the crest
of the spillway to the top of the dam.

The outlets, regulated by a gatehouse on the upstream face
of the dam, consist of a 24 inch supply main to the filtration
plant downstream of Lake Dawson, a 30 inch low level outlet,
and a 10 inch intake well drain, both of which discharge to the
natural streambed near the center of the dam.

Based on the visual inspection at the site and past per-
formance, the dam appears to be in good condition. No evi-
dence of instability was observed in the dam or its appurten-
ances.

Based on the size (Intermediate) and the hazard classi-
fication (High) of the dam determined in accordance with Corps
of Engineers Guidelines, the test flood will be equivalent to
the Probable Maximum Flood (PMF). Peak outflow is 8,220 cfs
with the dam overtopped 1.6 feet. -Based on our hydraulic
computations, the spillway capacity is 4,100 cfs, which is
equivalent to approximately 50% of the routed test flood
outflow.

I
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It is recommended that further studies by a qualified pro-

fessional engineer be initiated by the ovner to perform a more
refined hydraulic/hydrologic study to determine the spillway
capacity and overtopping potential. Recommendations should be
made by the engineer and implemented by the owner to increase
the project discharge based upon the refined hydraulic/-
hydrologic study.

The above recommendations, and any required remedial
measures, are discussed in Section 7 and should be instituted
within 2 years of the owner's receipt of this report.

P er enen, P.. -
Project Manager
Cahn Engineers, Inc.

Edglk B. Vinal, J, P.E.
Senior Vice President
Cahn Engineers, Inc.

9.k ~O7 2a
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This Phase I Inspection Report on Glen Lake )am
has been revieved by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgment and practice, and is hereby
submitted f or approval.

-
R S

S

U

SOS H W. NE .EOA-N JR., M R
W er Con ol Branch
ngineering Division

JOSEPH A. MCELROY, MEMBER
Foundation & Materials Branch
Engineering Division

CARNI TERIAN, CRAIRMAN
Chief, Structural Section
Design Branch
Engineering Division

APPROVAL RECOMMENDED:

JiOEB. FRYAR
Chief, Engineering Division
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PREFACE

This report is prepared undec guidance contained in theI Recommended Guidelines for Safety In~spection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation Is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspection. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I Investigation; however, the investigation is intended
to identify any need for such studies.

in reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the
reservoir was lowered or drained prior to inspection, such
action, while improving the stability and safety of the dam,
removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if
inspected under the normal operating environment of the
structure.

It is important to note that the condition of a dam
depends on numerous and constantly changing internal and
external conditions, and is evolutionary in nature. It would

* be incorrect to assume that the present condition of the dam
would necessarily represent the condition of the dam at some
point in the future. only through continued care and
inspection can there be any chance that unsafe conditions will
be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test Flood is based on
the estimated "Probable Maximum Flood" for the region
(greatest reasonably possible storm runoff), or fractions
thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood

- should not be interpreted as neccessarily posing a highly
inadequate condition. The test flood provides a measure of
relative spillway capacity and serves as an aid in determining
the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the
downstream damage potential.

ivj1
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PHASE I INSPECTION REPORT

I GLEN LAKE DAM

SECTION I - PROJECT INFORMATION

i 1.1 GENERAL

a. Authority - Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a National Program of Dam Inspection
throughout the United States. The New England Division of the
Corps of Engineers has been assigned the responsibility of
supervising the inspection of dams within the New England
Region. Cahn Engineers, Inc. has been retained by the New
England Division to inspect and report on selected dams in the

* State of Connecticut. Authorization and notice to proceed
were issued to Cahn Engineers, Inc. under a letter of March
30, 1979 from John P. Chandler, Colonel, Corps of Engineers.
Contract No. DACW 33-79-3-0059 has been assigned by the Corps
of Engineers for this work.

b. Purpose of Inspection Program - The purposes of the
program are to:

1. Perform technical inspection and evaluation of non-
federal dams to identify conditions requiring
correction in a timely manner by non-federal
interests.

2. Encourage and prepare the States to quickly initiate
effective dam inspection programs for non-federal
dams.

3. To update, verify and complete the National Inventory
of Dams.

C. Scope of Inspection Program - The scope of this Phase
I inspection report includes:

1. Gathering, reviewing and presenting all available data
as can be obtained from the owners, previous owners,
the state and other associated parties.

2. A field inspection of the facility detailing the
visual condition of the dam, embankments and
appurtenant structures.

3. Computations concerning the hydraulics and hydrology
of the facility and its relationship to the calculated
flood through the existing spillway.

"li \ . .. l L -, ... . W ': ....." .. ..... .. . . . .... ... .... -- ... . Ii""1



I
4. An assessment of the condition of the facility and

corrective measures required.

It should be noted that this retort does not pass
judgement on the safety or stability of the dam other than on a
visual basis. The inspection is tc identify those features of
the dam which need corrective action and/or further study.

1.2 DESCRIPTION OF PROJECT

a. Location - The dam is located on the Sargent River in
a rural section of the town of Woodbridge, County of New

I Haven, State of Connecticut. The dam is shown on the Mount
Carmsl U.S.G.S. Quadrangle Map as having coordinates latitudeN 41 22.6' and longitude W 72 58.7'.

b. Description of Dam and Appurtenances - The dam is 380t
feet long and the width at the crest is 9 feet, including the
coping overhang on the downstream side. The top of the dam is
about 62 feet above the bed of the Sargent River. The dam is a
rubble concrete gravity section with "large stones" placed in
the concrete, and is founded on bedrock. The upstream face is
near vertical, while the downstream face curves from vertical
at the top to an inclination of 6 horizontal to 10 vertical at
the toe. Gunite resurfacing of the dam was performed in 1948,
covering the 3 inch overhang on the top of the downstream
face.

The spillway is a concrete ogee section located at the
right end of the dam. It is 40 feet in width and founded on
bedrock. Flow from the spillway discharges over a vertical
drop to a bedrock, sand and gravel channel. The freeboard
from the spillway crest to the top of the dam is 9 feet.

The outlets, located to the right of the center of the
dam, consist of a 30 inch cast iron low level outlet, and a 24
inch cast iron supply main which feeds the filtration plant
below Lake Dawson on the West River. There are three (3)
intake windows which direct flow into a wet well and to the
supply main, and are protected by removable screens. In
addition, there is a 10 inch outlet to drain the intake well.
The gate valves for all intakes and outlets are manually
operated from a gate house on the upstream side of the dam.
All gate valves are operable.

c. Size Classification - INTERMEDIATE - The dam impounds
an estimated 710 acre-feet of water with the lake level at the
top of the dam, which at elevation 227.3 is about 62 feet above
the old streambed. According to the Recommended Guidelines, a
dam with a height of between 40 and 100 feet is classified as
intermediate in size.

2
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d. Hazard Classification - HIGH - Glen Lake Dam is lo-
cated upstream from Lake Dawson and K.)nolds Pond, and Low
lying urban developments of the Westville section of New

* Haven. There is one low lying house immediately downstream of
Glen Lake Dam, and one low lying house and a filtration plant
immediately downstream of Lake Dawson Dam. There are also at
least 10 low lying residential and business structures along
the shore of Konolds Pond, and many more downstream of
Konold's Pond Dam in Westville.

e. Ownership - New Haven Water Company
90 Sargent Drive
New Haven, CT 06511
Mr. Jack Reynolds (203) 624-6671

f. Operator - Mr. Ken Seaton
New Haven Water Company
(203) 393-1619

g. Purpose of Dam - Public Water Supply

h. Design and Construction History - The following infor-
mation is believed to be accurate based on the plans and cor-
respondence available. The dam was constructed in 1906-1907
by the New Haven Water Company. Albert B. Hill was the en-
gineer and the New York Continental Jewell Filtration Company
and Upson & Grannis were the contractors. In 1948, gunite
repairs of the dam and spillway surfaces were performed with
Clarence M. Blair Associates as the engineer and the Cement
Gun Company as the contractor. In 1968-1969 the spillway was
lowered 5 feet and the entrance channel to the spillway
widened and deepened. Malcolm Pirnie Engineers were the en-
gineers and C. W. Blakeslee and Sons, Inc., were the con-
tractors. The roof of the gate house was replaced in 1976.

i. Normal Operational Procedures - The 24 inch supply
main outlet is opened as needed for water supply purposes.
The various level inlet gates are opened as necessary to main-
tain water quality, based on the results of tests on water
samples from different depths of the lake. The low level
outlet is opened once every year for several hours to flush it
out.

1.3 PERTINENT DATA

a. Drainage Area - 5.7 square miles of rolling, wooded
terrain of which 1.7 square miles is direct to Glen Lake and
4.0 square miles drains into Lake Chamberlain on the Sargent
River, outflow from which feeds Glen Lake.

3



I
b. Discharge at Damsite - Discharge from the lake is

through a 24 inch supply main, a 30 inch low level outlet,
and a 10 inch intake well drai.,

1. Outlet Works (Conduits): 24 inch water supply
pipe at el. 167.5 pipe
invert (lowest intake
window to wet well at
el. 176.3)

30 inch low level out-
let at invert el.
167.3 (Approx.)
10 inch well drain at
invert el. 166 (Approx.)

2. Maximum known flood 2'7" above spillway
at damsite: crest (Oct., 1955 -

prior to spillway
lowering)

3. Ungated spillway capacity
@ top of dam el. 227.3: 4100 cfs.

4. Ungated spillway capacity

@ test flood el.: N/A

5. Gated spillway capacity
@ normal pool el.: N/A

6. Gated spillway capacity
@ test flood el.: N/A

7. Total spillway capacity
@ test flood el.: N/A

8. Total project discharge
@ test flood el. 228.9: 8220 cfs.

c. Elevations (Feet Above Mean Sea Level)

1. Streambed at center-
line of dam: 165.3±

2. Maximum tailwater: N/A

3. Upstream portal invert
diversion tunnel: N/A

4. Recreation pool: N/A

4



I
I 5. Full flood control pool: N/A

6. Spillway crest: 918.3

1 7. Design surcharge
(original design): N/A

3 8. Top of Dam: 227.3

9. Test flood design surcharge: 228.9

d. Reservoir

1. Length of maximum pool: 2500± ft.

2. Length of recreation pool: N/A

3. Length of flood control pool: N/A

e. Storage

1. Recreation pool: N/A

2. Flood control pool: N/A

3. Spillway crest pool: 482 acre-ft.

4. Top of dam: 710 acre-ft.

5. Test flood pool: 755+ acre-ft.

f. Reservoir Surface

I. Recreation pool: N/A

2. Flood control pool: N/A

3. Spillway crest: 23.0 acres

4. Test flood pool: N/A

5. Top of dam: 28± acres

g. Dam

1. Type: Concrete gravity
section

-1i



2. Length: 380± ft.

3. Height: 62 ft. to streambed

75 ft. to foundation

S4. Top width: 9 ft.

5. Side slopes: Vertical (Uo~tream)36H to 10V (Lownstream)

6. Zoning: N/A

7. Impervious Core: N/A

8. Cutoff: Bedrock

9. Grout curtain: N/A

10. Other: N/A

h. Diversion and Regulating Tunnel - N/A

i. Spillway

1. Type: Concrete ogee section

1 2. Length of weir: 40 ft.

3. Crest elevation: 218.3

4. Gates: None

1 5. Upstream Channel: Gently sloping

6. Downstream Channel: Gently sloping concrete
apron to vertical
rock ledge drop-off.

7. General: Gravel streambed

j. Regulating Outlets

24 inch outlet

1. Invert: Lowest intake to intake
well el. 176.3

2. Size: 24 inch diameter

3. Description: Cast iron pipe-supply
main

4. Control Mechanism: Hand operated

1* 6
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5. Other: N/A

30 Inch outlet

1. Invert: 167.3

2. Size: 30 inch

3. Description: Cast iron low level
outlet pipe

I 4. Control Mechanism: Hand operated

5. Other: N/A

10 inch outlet

1. Invert: 166+

2. Size: 1O inch

3. Description: Cast iron intake
well drain pipe

4. Control Mechanism: Hand operated

5. Other: N/A

17
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SECTION 2z ENGINEERING DATA
i 2.1 DESIGN

a. Available Data - The available d.ta consists of draw-
ings, correspondence, records, ?ad calculations by the State
of Connecticut D.E.P., the New Haven Water Company, Joseph W.
Cone, Malcolm Pirnie Engineers, Clarenc. Blair Associates, and
Albert B. Hill. Pertinent data is included in Appendix B.

b. Design Features - The drawings and reports indicate
the design features stated previously herein.

c. Design Data - There were no engineering values, as-
sumptions, test results, or calculations available for the
original construction. Limited design information by MalcolmJ Pirnie Engineers for the 1968 lowering of the spillway is in-
cluded in Appendix, Section B, including a cross-section of
the dam, and a rough stability analysis diagram.

2.2 CONSTRUCTION

a. Available Data - The available construction data
consists of drawings of the original dam by Albert B. Hill,
and drawings of the altered gatehouse by Blair and Marchant,
Inc. Drawings of elevations and cross-sections in the vicin-
ity of Glen Dam by Clarence Blair Associates also obtained,
reflect as-built conditions of parts of the dam.

b. Construction Considerations - Construction data was
scarce, therefore no information pertaining to construction
considerations was available.

2.3 OPERATIONS

Lake levels are taken daily. To our knowledge, the
spillway capacity has never been exceeded. No other formal
operations records were obtained.

2.4 EVALUATION

a. Availability - Existing data was provided by theowners and by the Connecticut D.E.P. The owner made the faci-
lity available for visual inspection.

b. Adequacy - The limited amount of detailed en-
gineering data available was generally inadequate to perform
an in-depth assessment of the dam, therefore, the final
assessment of this dam must be based primarily on visual in-
spection, performance history, hydraulic computations of
spillway capacity and approximate hydrologic judgement.

C. Validity - A comparison of records data and visual
observations reveals no observable significant discrepancies
in the record data.

8



SECTION 3: VISUAL INSPECTION

a . General - The general condition of the dam is good.
Inspection did reveal some ar-as requi.ing attention. The
reservoir level was at elevation~ 218.5, approximately 0.2 feetI above the crest of the spillway at the time of our inspection.

b. Dam:

Crest and Upstream Face - No misalignment,
deterioratin, spalling or cracking were observed on the
crest, including zones along the expansion joints 50 to 75
feet apart. The vertical upstream face near the crest does
not exhibit significant cracks or deterioration from freeze-
thaw or other influences. (Photo 5).

Downstream Face/Slope - The curvilinear downstream
face, with an inclination of 6 horizontal to 10 vertical near
the bottom, was resurfaced with gunite in 1948. At the
present time the gunite coating is deteriorated in many
sections, especially in the areas of the old cracks,
construction and expansion joints and seepage (Photos 7 & 8).
There are drilled holes in the face approximately 6 inches
deep and 1.5 inches in diameter which appear to be intended to
relieve the water pressure on the downstream dam surface.
Some of the holes had white lime deposits. No signs of
downstream seepage through the foundation were observed. At
the left side of the dam on the downstream slope adjacent to
the toe of the exposed portion of the dam, there are at least
two trees about 18 to 24 inches in diameter growing very close
to the face of the dam (Photo 6). There was no seepage
observed in the vicinity of these trees, however they do
extend above the top of the dam up to 20 or 30 feet and could
be overturned by high winds.

The right rock abutment adjacent to Dillon Road
appears to be in good condition. The left abutment is a wooded
natural ground area with downstream slopes at an inclination
of approximately 1.5 horizontal to 1 vertical. The upstream
left side of the reservoir bank adjacent to the left dam
abutment is an earth dike that has a very broad crest and a
maximum height of 6 feet (Photo 1). The crest is grass covered
and has a small stand of conifers near the dam. The downstream
face of the dike is a rough stone wall as depicted on Sheet B-1
in Appendix B (Photo 2). Below this wall, at a distance of 200
to 300 feet from the reservoir water line, a 20 to 30 foot wide
wet area was discovered. '"his area has formed a brook with a
flow rate of approximately TO to 15 gallons per minute. The
brook water was used for many years for the water supply of the

nearest house downstream of the dam.

9



Spillway - The concrete ogee spillway spanned by a
concrete service bridge is in good condition. The spillway
and the upstream right wingwall, the sidc- training walls and
the short apron were repaired in 19691. The new reinforced
concrete 3 foot high spillway weic which was anchored into the
original concrete weir, is in good conc~ition (Photo 4). The
old concrete of the training walls arnd the apron has cracks
with efflorescence, and 2 to 4 inch deep pockets which appear1 to have been worn or cavitated. Debris, including trees and
stones, were noted on the weir and the downstream apron of the
spi llway.

nwc. Appurtenant Structures - The gate house, which has a
nwroof, has no signs of visible deterioration (Photo 5).

j The downstream outlet masonry headwall appears to be stable
(Poo3). The submerged wet well drain and low level outlet

at the base of the wall could not be observed. The gate valve

operating mechanisms appear well maintained.
d. Reservoir Area - The reservoir area is bordered on the

right by Dillon Road. The area surrounding the reservoir is
wooded and undeveloped.

e. Downstream Channel - The downstream channel is the
natural bed of the Sargent River. It has a gravel and boulderI bottom and a steep, stable rock and wooded right bank along
the roadway. No substantial obstructions to the flow were
detected.

3.2 EVALUATION

Based upon the visual inspection, it was possible to
assess the dam as being generally in good condition. The
following features which could influence the future condition

and/or stability of the dam were identified:I1. The extensive wet area on the slope downstream of the
left dike should be monitored periodically.

2. The deteriorated concrete areas of the spillway, the
rspillway training walls and the downstream face of the

gravity section will be subject to furtherLi deterioration of the concrete if not repaired.

3. The trees on the downstream earth slope adjacent to
the left side of the downstream face of the dam could
be subject to overturning by the wind, which has
potential for causing damage which would affect the
stability of the dam.

3 10



SECTION 4: OPERATIONAL PROCErTTRES

4.1 REGULATING PROCEDURES

No formal regulating procedures -xist for this dam other
than those necessary for providing sufficient water for public

water supply purposes.
4.2 MAINTENANCE OF DAM

Water levels in the lake are recorded daily and water
samples for chemical analysis are taken bi-weekly. Grass
downstream from the dam is cut regularly during the growing
season. Debris is removed from the spillway as needed, piled
beside the spillway apron, and removed once a year.

A yearly inspection program was instituted by the New
Haven Water Company three years ago encompassing all their
dams and is performed by a consultant qualified in the field
of dam inspection.

4.3 MAINTENANCE OF OPERATING FACILITIES

The operating facilities are maintained and lubricated on
an as-needed basis. The low level outlet is opened once a Year
for several hours for flushing.

4.4 DESCRIPTION OF ANY FORMAL WARNING SYSTEM IN EFFECT

No formal warning system is in effect. The operator
reports emergency situations to his supervisor at the New
Haven Water Company.

4.5 EVALUATION

Although informal, the operation and maintenance
procedures are generally good, however, there are some areas
requiring improvement. A formal program of operations and
maintenance procedures should be implemented, including
documentation to provide complete records for future
reference. Also, a formal warning system should be developed
and implemented within the time frame indicated in Section
7.1c. Remedial operation and maintenance recommendations are

presented in Section 7.

"Wo



SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. General - Glen Lake Dam is a low storage project pri-
marily intended to "provide workable r-ead conditions for the
Sargent River portion of the West Rivcr System", according toI the report entitled "Report on Flood Flows and Spillway Capac-
ities, West River System Dams" by Malcolm Pirnie Engineers,
dated January, 1967 and included in Appendix B.

b. Design Data - No hydraulic/hydrologic data was avail-
able for the original design of the dam. There is design data
available for the 1967 spillway redesign. The above mentioned
Malcolm Pirnie Engineers report dated January, 1967, was sub-
mitted after a report by Mr. Joseph W. Cone, Dam Consultant to
the Water Resources Commission, dated June 26, 1965, indicated
that the spillway capacity of Glen Lake Dam was inadequate,
and that Glen Lake Dam would be overtopped by a storm larger
than the October 1955 storm (See Appendix B).

Malcolm Pirnie Engineers considered a peak inflow due
to a 1000-year storm and concluded the spillway should be
lowered 2 feet for such a design storm, giving a total of 6
feet of freeboard to the top of the dam. A larger storm was
considered for the redesign however, "in view of the uncer-
tainty of future flood conditions." The Westfield, Massachu-
setts storm of August, 1955 was used, as it produced peak
flows on the order of 50 percent larger than the 1000-year
storm. Using the Westfield storm, it was concluded that the
spillway should be lowered 5 feet, as it subsequently was.

c. Experience Data - No information on serious problem
situations arising at the dam was found, and the dam has not
been overtopped. The storm of October 1955 produced flows 2.7
feet above the spillway crest, which amounted to an available
freeboard of 1.3 feet or a water surface elevation of 226.0
with the spillway crest at elevation 223.3 at that time.

d. Visual Obs 'ervations - Under very high flows, the ser-
vice bridge spanning the spillway could retain large floating
debris resulting in an obstruction of the spillway. Debris in
the form of wood was noted on the spillway crest and apron in
minor amounts.

e. Test Flood Analysis - The test flood for this high
hazard, intermediate size dam is equivalent to the Probable
Maximum Flood (PMF). Based upon "Preliminary Guidance forI Estimating Maximum Probable Discharge", dated March, 1978,
peak inflow to the reservoir is 8,600 cfs (Appendix D-2); peak
outflow is 8,220 cfs with the dam overtopped 1.6 feet (Ap-

pendix D-9). Based upon our hydraulics computations, the
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I | spillway capacity is 4,100 cfs, which is approximately 50% of
the routed Test Flood outflow at the to? of dam, elevation
227.3.

In computing peak inflows to Glen Lake due to the
Probable Maximum Flood (PMF), it should be noted that a large
portion of the Glen La!e watershed is regulated by Lake Cham-
berlain, an upstream reservoir of relatively large surface
area and storage capacity. Based upon our computations, Lake
Chamberlain, due to its storage effect, reduces the peak in-I flow to Glen Lake by approximately 1700 cfs for the PMF event.

f. Dam Failure Analysis - Utilizing the April, 1978,
"Rule of Thumb Guidance for Estimating Downstream Dam Failure
Hydrographs", the peak failure outflow from the dam breaching
would be 61,600 cubic feet per second. A breach of the dam
would result in a 27 foot depth of water immediately down-
stream of the dam at the residential structure. Inflow to
Lake Dawson due to a breach of Glen Lake Dam would result in
Lake Dawson Dam being overtopped by 0.9 feet, resulting in a
10,800 cfs outflow from Lake Dawson to the impact area around
Konolds Pond about one mile further downstream. This rapid
inflow to Konolds Pond would have potential for causing damage
and loss of life at 5 to 10 residential structures along the
shoreline of the pond.

1 13



! SECTION 6: STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations - The visual inspection did not
reveal any indicationb of stability problems.

b. Design and Construction Data - A stability analysis
was performed by Malcolm Pirnie Engineers during the course of
the 1967 study for increasing the spillway capacity which is
included in Appendix B. This study concludes that the factor
of safety against overturning, the critical consideration, is
1.18 with the reservoir water level at the top of the dam. The
study further concludes that, as the actual uplift pressure is
probably less than assumed, "we estimate that the dam is safe

against overturning as long as the maximum water level does
not exceed the top elevation of the existing non-overflow
section." The study recommended no increase in the height of
the dam.

I There is not enough information available to perform a
complete stability analysis of the dam, however the plans and
existing information are sufficient to perform general
stability calculations, such as those performed by Malcolm
Pirnie Engineers.

c. Operating Records - The operating records do not
* include any indications of dam instability since its construc-

tion in 1906-1907 or since subsequent modifications of the
concrete spillway weir in 1968-1969 were performed.

d. Post Construction Changes - The downstream face of the

concrete gravity section was repaired using gunite in 1948.

A June 1965 inspection of the dam performed by Joseph

W. Cone assumed that the left earth abutment is a dike with a
corewall that is lower than the crest of the dam. This same

4 report indicated that the earth section was nearly overtopped
during the October 1955 flood.

* jIn 1968-1969 the concrete weir was lowered 5 feet to
increase the spillway capacity. This measure increased the
structural stability of the dam by lowering the normal pool,
thus reducing the possibility of high water conditions behind
the dam.

e. Seismic Stability - The dam is in Seismic Zone 1, and
according to the Recommended Guidelines, need not be evaluated
for seismic stability.

14
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SECTION 7: ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Condition - Based upon the visual inspection of the
site and its past performance, the darm appears to be in goodI condition. No evidence of structural instability was observed
in the dam or its appurtenances. There are some areas
requiring attention, such as the concrete deterioration in the
spillway and the gravity section, and the wet area downstream
of the earth dike. Recommendations and remedial measures are
presented in Section 7.2 and 7.3, respectively.

Based upon "Preliminary Guidance for Estimating
Maximum Probable Discharge" dated March, 1978, peak inflow to
the reservoir is 8,600 cubic feet per second; peak outflow isI 8,200 cubic feet per second, with the dam overtopped 1.6 feet.
Based upon our hydraulic computations, the spillway capacity
is 4,100 cubic feet per second, which is equivalent to
approximately 50% of the routed Test Flood outflow.

b. Adequacy of Information - The information available
includes evaluations of hydraulic capacity and structural
design stability by Malcolm Pirnie Engineers. The assessment
of the condition and stability of the dam was based, in part,
upon these evaluations and on the visual inspection, past
performance of the dam, and sound engineering judgement.

c. Ueny- It is recommended that the measures
presented in Section 7.2 and 7.3 be implemented within two
years of the owner's receipt of this report.

d. Need for Additional Information - There is a n'eed for
more information as recommended in Section 7.2.

7.2 RECOMMENDATIONS

1. Based upon the rough computations in Appendix D, the
spillway capacity will be exceeded by the Test Flood.
A detailed evaluation of hydraulic/hydrologic
computations performed by Malcolm Pirnie Engineers
should be made by hydrologists/hydraulics engineers to
determine if spillway modifications are warrantedI based upon Test Flood criteria utilized for this
report. If deemed necessary by the evaluation above,
more sophisticated flood routing should be undertaken
by hydrologists/hydraulics engineers to refine the

5spillway design flood figures. A study should be
undertaken to determine spillway capacity and
overtopping potential. Recommendations should be made
by the engineers and implemented by the owners to
increase the project discharge based upon the refined
spillway design flood figures.



I

7.3 REMEDIAL MEASURES

a. Operation and Maintenance Procedures - The following
measures should be undertaken within the time frame indicated
in Section 7.1.c, and continued on a regular basis.

1. Round-the-clock surveillance should be provided
by the owner during periods of unusually heavy
precipitation. The owner should develop a formal
warning system with local officials for alerting
downstream residents in case of an emergency.

2. A formal program of operation and maintenance
procedures should be instituted and fully
documented to provide accurate records for future
reference.

3. The New Haven Water Company has instituted a
yearly program of technical inspection of all
their dams, including Glen Lake Dam, by a
consultant competent in the field of dam
inspection. This program, in effect for 3 years,
should be continued and should include the
operation of all low level outlets.

4. The deteriorated concrete of the spillway and the
downstream face of the dam should be repaired to
prevent further concrete deterioration.

5. The seepage from the wet area downstream of the
earth dike and left abutment should be monitored

* periodically in an attempt to evaluate its origin
by observing changes in volume of the flow.

6. The cutting of grass, brush and trees,
particularly those adjacent to the toe of the dam
on the downstream earth slope of the left
abutment, should be performed as part of the
routine dam maintenance.

7.4 ALTERNATIVES

This study has identified no practical alternatives to the
- above recommendations.
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VISUAL INSPECTION CHECK LIST1

PARTY ORGANIZATION

PROECT24EN LAkP Z)At DATE: AA ,/7

TI4E:j~~Pl-

WEATHER : -~/I ~

W.S. ELEV.2/8.5!tU.S. ___DN.S'

PARTY: INITIALS: DISCIPLINE:

1. PDE-ER M Al )/YAI pl C AJN ENMrFFS it

2. RePtw yDZ7R~t/skX- A p (AdI EMS /"EAQJP WW

3. (,'EARg6) 97T).PA*)Vq r71: e(AIM /AMJ1, E 1kA

4. AL R3jC/I-FR N____ _ NEW RA VAlWA MRr,

5.. C41- V/A/ ,1 (TL DSAI) 7-#________ C1iiiv ElyigtrEflit

6._ _ _ _ _ _ _ _ _ _ _ _ _

PROJECT FEATURE INSPECTED BY REMARKS

2.. EAR-7ft .blKg )~)t~6

3.1 e1AfREM- P/PL IA Y ,Dm .i. -i~S

4.1,eW~r (g~7 A7r jqwj5; PMAI C75 A R

5. 10erL-9T7 IASoN~RY #E&bWALL Pm 14. HIP

6.

7.

9.

10.

11.

12.



PERIODIC INSPECTION CHECK LIST Page

PROJE~r 6 V -14&,F ~jHDATE AI 4
PROJECT FEATURE rC*C &4:57f 2  Bya IL - o. , ____ ___ .___._.,;//'

AREA EVALUATED CONDITION

i ';;m EBANKMLNT

El Eievation 2273

Current Pool Elevation

J 1Miximum Impoundment to Date Mo-T K/AOWA1

Surface Cracks NoAI/ O8IERk-.r

Pavement Condition A/1A

Movement or Settlement of Crest

lateral Movement I
Vertical Alignment

APPZA~eS Cco.6D
Horizontal Alignment/

Condition at Abutment and at Concrete LEIT ,4&urAf5Nr Is wooD& oo , A 4
Structures

Indications of Movement of Structural
*Items on Slopes

Trespassing on Slopes

Sloughing or Erosion of Slopes or Sc'AffE ee.O/.N OX -I/- S ZOPZ.
Abutments CRACXDVG SA4,LLING N-EAR 70/N7zs

Rock Slope Protection-Riprap FailureE N/A

Unusual Movement or Cracking at or
- I Near Toes /

!Unusual Embankment or Downstream eam / NE 0Sre VE_
Seepage

Piping or Boils

Foundation Drainage Features

I Toe Drains NA
'Instrumentation System

I- .-



IIPERIODIC INSPECTION CACK LIST
EjPage .4 -3

PROJECT L-AZ/AAA , DA't' A/A>' /

PROJECT FEATURE __E ......- P/,e 4 .A S.4

AREA EVALUATED CONDITION

I DIYE EMBANKMENT

Cre.t Elevation e

Crrent Pool Elevation 2/6.S -

vaximum Impoundment to Date V0 7 kn o Wn

Surface Cracks NON6 V" S ER,.W'

Pavement Condition //A

, Movement or Settlement of Crest /lOAI O

Lateral Movement

Vertical Alignment
APPEA4>6 C:oO0Z

Hor zontal Alignment

Condition at Abutment and at Concret A6are. ' .5 ARE WtVo..ED Aie&A
Structures

Indications of Movement of Structura 1
tems on Slopes JNONE O8S,,6VE.,

Sloughing or Erosion of Slopes or
Abutments

Rock Slope Protection-Riprap Failures VIA

Unusual Movement or Cracking at or NONE 0BIeVF Z
'Near Toes

Unusual Embankment or Downstream JELOW D/.S ,f71V7,B WAL 45/
Seepage WEr A4D .5PlN0 "A4

Piping or Boils N#& vSAV
Foundation Drainage Features

Toe Drains 
Nor 

Sstw

I Instrumentation SystemNI

Trespassing on SlopesNoE ps AV



PERIODIC INSPECTION CHECK LIST, ~.-Page - _

PROJECT 671r e~f PA DlATE_I PROJECT FEATURE __'_C_____g ?!fL f / q Y4'. .

AREA EVALUATED CONDITION

IOUTLET WORKS-CONTROL TOWER

a, Concrete and Structural I

General Condition oo

Condition of Joints /yo07 os.sev VF

Sipalling

Visible Reinforcing

Rusting or Staining of Concrete

Any Seepage or Efflorescence

Joint Alignment

Unusual Seepage or Leaks in Gate
Chamber

Cracks

AIOAI& OeszeRVe.
Rusting or Corrosion of Steel

b) Mechanical and Electrical

Air Vents

Float Wells

Crane Hoist N/A

Elevator

Hydraulic System

L Service Gates ALL 6k TE5 ,eE oP eR48, _

Emergency Gates

Lightnir.g Protection System /

NIA[ 4murgency Power System

Wiring and Lighting System

I _ _ _ * -j- . .- _ _ _ _



PERIODIC INSPECTION CHECK LIST

PROJ ECT&( A .Ap

PROJECT FEATURE BYrLT

| o __ - _,__ B'Y: _,pz. .. . .

AREA EVALUATED j CONDITION!

• 7r' WORKS-OUTLET STRUCTURE AND
OUTLET CHANNEL

S;enral Condition of •efe,4el

Rust or Staining 

VSpalling 6 E O Ee vED

Erosion or Cavitation

Visible Reinforcing N/1

Any Szepage or Efflorescence AoNjf OASE E.)

Condition at Joints - H 05

Drain Holes N/A

Loose Rock or Trees Overhanging I/ONZ 8 ,-J V )
Channel

Condition of Discharge Channel 6 ,CA VrL SrONE £MEeAMAMJ

.

I
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PERIODIC INSPECTION CHECK LIST

IPROJECT £L ALAP)Hn rE J 
I~ ~ PRPC ZN LA)( IIM rDAT A. 222

PROJECT FEATURE rQACR E ZILL WA YY BY RP. 6.
I , ,

AREA EVALUATED CONDITION

CUTLET WORKS-SPILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS

I a) Approach Channel

General Condition

Loose Rock overhanging channel N/A

J Trees Overhanging Channel

Floor of Approach Channel

I b) Weir and Training Walls

General Condition of Concrete G600b

Rust or Staining tOyvE 0B5FRVED

Spalling 50HE cgb A,* SPhLUA
oF Re"'TAIliJ0G WALLS

Any Visible Reinforcing OKC)8 0 5 RVF.D

Any Seepage or Efflorescence zoi4 =_FF1 R P S C kC E kE R
~OHE F OR ~CE A)EI4

Drain Holes /A

c) Discharge Channel

j General Condition C O0

Loose Rock verhanging Channel iVOV! O8 ' E IVA/ IE

Trees Overhanging channel OA) R /GIT ,,4AJA

Floor of Channel 80ULDE AD ROO(

Other Obstructions )F,6R1S oF 7"REES /VA

i 5/LLWA Y hAD s 4WIsw4'/

!.C4IVJ*
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LIST OF EXISTING PLANS

"New Haven Water Co.
Contour Map, Glen Lake
Town of Woodbridge, C'.."
Office of Albert B. Hill, Consulting Engineer
Feb., 1905

"New Haven Water Co.
Woodbridge Glen Dam"
Office of Albert B. Hill, Consulting Engineer
March, 1906

"New Haven Water Co.
Section of Woodbridge Glen Dam"
Office of Albert B. Hill, Consulting Engineer
March, 1906

"New Haven Water Co.
Plans for Gatehouse
Woodbridge Glen Reservoir"
Office of Albert B. Hill, Consulting Engineer
March, '906

"New Haven Water Co.
Gatehouse Inlets
Woodbridge Glen Dam"
Office of Albert B. Hill, Consulting Engineer
Sept., '906

"New Haven Water Co.
West River System
Alterations to Glen Lake Gatehouse"
Rlair & Marchant, Inc.
Sept. , 1934

"New Haven Water Co.
Elevations in Vicinity of Glen Dam
Woodbridge, Conn."
Clarence Blair Assc., Inc.
Sept. 1966

"New Haven Water Co.
Cross Section in Vicinity of Glen Dam
Woodbridge, Conn."
Clarence Blair Assc., Inc.
Feb., '967
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No. _ WATER RESOURCES COMISSION
ne iSUPERVISION OF DAMS Lo 7 -72- -84lInventoried INVENTORY DATA ..

By 1,- ;i a.

Date t MAY O4-

Name of Dam or Pond &L-EAJ bAJA ESS fVol $,RA -

Code No. A)6 3.( .S$- (.

I Nearest Street Location b I LLorJ .o A b

Town _ _ _o 0_D _ _- _ _- 6Z

I U.S.G.S. Quad. Mok w U-TAi/ -

Name of Stream SO.G-C;%.T ZA j-X- .

Owner Ncw k- A \EA) 'ATQL Co, AAJL'

Address 1174 (c #',

Pond Used For JAT -l=TL. SU PPL_

Dimensions of Pond: Width 33u FC-Tr LenW-:- . 00 FeE T A.-.c.a
370 qo

Total Length of Dam -' FiT . Length of Spillway A

Location of Spillway c 'h 6, AJ' F A) DA ....

Height oZ Pond Above Stream Bed _ 4596_ __c_

Height of Embankment Above Spillway 4 PLft

Type of Spillway Construction C-o tNJC Z "

Type of Dike Construction C 2 NCa- T-

Downstream Conditions ,V) UTE o

): --0 7 Sur,,ary of File Data . . ...

Remarks

B-4A W0111 C FAJm. 111-0 Mufe DCWiuge? - - class 4-- ,.-.- -I --. . . .. ....... - ---.. - ---- . ... .
4. ,,,. ,



NbW MVrAN WATL'K L;VraN

STATISTICS ON DAMS*

NAME Glen

SUPPLY SYSTEM West River

LOCATION Woodbridge

3 DATES: ORIGINAL CONSTRUCTION 1906-1907

ADDITIONS, ALTERATIONS 1968-1969

MEAN HIGH WATER
ELEVATION LENGTH

CREST** 224 390 Ft.

TOP OF CORE WALL

SPILLWAY 215

B. 0. AXIS 177±

BED OF RIVER 1621

DEEPEST FOUNDATION 149±

FREEBOARD: CREST TO SPILLWAY 9 Ft.

CREST TO TOP OF CORE WALL

HEIGHT: CREST TO BED OF BROOK 62± Ft.

CREST TO DEEPEST FOUNDATION 75k Ft.

TYPE Concrete Gravity Section

TOP WIDTH--MAX. BOTTOM WIDTH (Ft.) 9 -- 48

UPSTREAM SLOPE H/V Vertical

DOWNSTREAM SLOPE H/V 6/10

TRIBUTARY WATERSHED (Square Miles) 5.6

RESERVOIR AREA (Acres) 23.0

RESERVOIR TOTAL STORAGE (MG) 157

RESERVOIR USABLE STORAGE (MG) 153

*See individual sheets for more details
**Crest Length includes spillway Date 8/12/74
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Ta: kt.A. L.. Corbin.Jx., ?reatident

Iit the !c5.t it taeavy sto:m iui,14 a iu osji watersheds:

West live .y a&g vast atid e.Aith tit West Ro'ck, #vv-is.ypsiz n

Likhe Wha'.*y AVe'l-le brtdej.

2. An arts ota: ri:g at the Yale Go,( Course pVands sial sxtefldifg aucrth to

C he Fountatai 4tteat -Wtialley Avetia area, distikii to West River.

.j. Watti~reen biot-k iylug east of West Rack. It enter* West liver about
6Ujtit)Ree norl.1 Of the Whaley Avenue bridge.

4. Fars Brook, east of West Rock. starting about toie silo north of Paradise
Perx io haddi *-% dralning south Int~o Wkntergreon brook Vitut 1900 feet
sukirtleael t Of .* StLagaide Hmaie.

A,, *'aiavd .,, l.ykb between 3 and 4 above, vhtct starts aCiout 04s-half
a., . v was. :)t Perd I so Park lit bamdet And des, kne 5altti tLnLo V~ Lnterateon Itook
at a p111t Lit tte brouklde tluusing at*& of new Have-..

t. leavvt Poni .te hod which Ltetches spioainately from Arch $treet lit
Hasi:ae, S%.uLh to CGilfe Street Lt New Haveiii. T"he orook from Beaver Pond runs
a*-UthwV.~t. eatiertlIg iLaLergreen Srook abast 140f) [out north of the WMaley
Ave .u* brid.

The watersheds tributary to the Whalley Avetue bridge total 29.3
squate miles which I have broken 4owii. for siatysis. into three min areas:

Wijith of atid tributary to Dewearn Dan 13.9 eq%. mi.
I"Wkiterarea Das 1.5 sq. mi.

leimsaiilk watershod J3.9 sq. at.
Total 29.3 sq. mi.

The Soui Hasven Water "-mpeny own& appoLaiseiy onet square ails of the
1.5 square miles of watersed tlibuLtary to Lake WL'tvrtriten and about 41 equare
miles of the 13.9 squate ati. of watershed tribulazy go Lake Davson. Thes
balance is owagC 5y ~tti.The Company pwnek: .eAduse for water supplyIporpkeas aily. atd wei ti resretl, hass nOt COt Litted to0 any increasis to
flood runoff. In fact Cho Cmany's foresty progra s e& attackd som
decrease is the rate of *term water runoff (row tit* atd.

I ___ The balan~ce of th land owned by otiors a .d dratirA to the Wbaitey
Avo:,ue hridge has been and Wi1. conninuse to .,@ dovae.oped fujr housing, schools,
inde try aid colleges. Theit toots. driveways, streets si parkieg asreas
iicrese the &mount and rate of storm water ruinoffs and stis water severe, Where
istalled. accelerate ties runoff.
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Our reservoirs generaLly start to go dwn early in June and
contintie tu go down until Late In Lhe year. &bov. hall the ysar'!.erefillLa
starts about the middle of November t-d about :'a middle of Deseber the
rest of the years. OceesLonally, as LacentLy experienced, our reservoirs
start Co refill in Jenuary and very occa3ionelly In February. our reservoirs
thus are in a position during the hurritane Season to receive end retel a
large portion, and somtimes all. of the storm runoff from the 15.4 square
sties tributary to the..

In August l955 hurricane Connie, foLloved by Lianne, brought heavy
rains to this area. Dianne caused considerable damage in Inilford and the
lower Naugatuch Valley. In the period August A to 14 inclusive rainfall at
Lake Davson totalled 4.1"'. On August 16 and L9 hurricane Dianne brought an
additional 6.b2 . In one 24 hour period 4.&Y' fell at Daveon.

IIn this extended storm period out reservoirs received anid retained
477 million gations of vater. Glen. Vetroia, Chamerlain, Setsaey and ftater-
green retained ail the runoff reaching then, allowing nothinS to So dewatret.
Daweson, on "uget 19th, with it& Smll tributary watershed of 0.11 Sq~are NIOe
finally f ilked bst the depth of flow over the Spillway was only *go half a
inch. The data ie Listed herewith:

Wefore the lLorau Alter the toM.
Reservoir Level Killion Sls. Reservoir Level KiLLion sles.

to fill to 4. .
Davson dove 0 1/2" 1 Full 0
Glen " 2L' 3" 140 dovn 10' 3" 61
Watrous " 6' ;" 209 " 1'" 66
Chaber lI It; RWty 164' " 10' 9
BeLhanv dovn 4% 6" 131 Fu i 0
Wi~ntergreea 6' 6 '66 &ovu 2' 5 25

Amount retained 718 - 241 - 417 msiLton gallons.
In addition-about 9 million gallons per day throughb'uL the entire storm period
was alo uttloeed for water supply purposes.

T e heavy storm on October I, to 17 Inclusive In l 95 produced floods
and considerabLe damage tin the WestvtLle area. Our ratn gauge at Damson
registered 8.84" of raLufall in this period. Of this 5.835" fell io one 24 hour
perL.d alone. Our reservoirs were all full after this store but prior to

SfiLling they stored and retained 21smiLLion gallons of water es shoen to the
4e4A belov:

R1eervoir level MLLon ALe. to filL• • Personover 0 ' 1/2 -- 0 ...

aim down 5' 1" 45
Vatrous " 2' 6" 13

I Cbauberlain " 9' 4" 86
gethany " O l/Z" 2
ILaterlreen " 3' " 3J

_ to addition. at the belogbt of the storm water runoffou eetlorwLtl. e

tMn~rartLC stored 215 millLen llons eddttLoalt above their ap;tt ay
preventing even higher tlewd Levels down stream by reoeaaLaS thie evr a E0.9



greater period of tim. The data is herewith,

I aeK above failLiwy Surface Acrese .re-feet
2% 5' 172 55.5

Glen 2' 2) 70 22.06
Vatrous I' l" 110 211 "A
ChmberLatse 20 0" 37 74 23.9
Bethany 0' IL" L06 97 31.3
Witntergreen 1' 044 44 1

2L5.5

I The effect of reeervoir sturage above the spillwey level on downstream
flood conditione can be cheked by compartng the flood runoff from the reservoir-
controlled watersheds with that of the other watershede as foLloves

1 i. Fro lap level records (doothe on spilLw67) I have comuted that at peak
runoff approalumtely 1425 cubic feet per second eore passing out bss.o 4adl intergreen dams. For the 15.4 eq. mile of tributary watershed this to an
averade runoff rate of 92 cubic feet per seeond per *quate sile of ateehod.
(September 1936 hurricane runoffs were in the 40 to 80 reuse).

2. The peak (Low under the Whalley Avenue bridge, eoaeted by Conoultants for
the State, wes 3.525 cubic feet per second. Subtracting above IM euasee. Leaves
2,100 ousec. contributed by the remining. uncontrolled 13.9 square miles or atEl an average runoff rate of 151 cubic feet per sec. per square milo.

Peek runoff rate from the uncontrolled portions of the watershed
therefore was about 50 per cent higher than froe the controlled wtershed$ for
this particular stom. This Ls pot surprising when you consider the absence
of Large reservoirs and tlme Large eamount st Lepervious surfaces in the built up

,iresidentLal. coimmrcte!, school &nd LndustrLal areas.

Consultants for the State reported that a 48 inch diameter saver
suspended under the floor of the bridge restrLcted the flow area of the britde,
accentuating flood conditios upstream. In order to pass the coquted posesbie
flood flow art this point - larger than the 3,525 cusec. - the Consulrants
recommnded that the sewer be replaced with a siphon under Vest River and that
addLtiosbel waterway capacity be provided by widening the bridge.

r Snce iLe flood fiew Haven Vater Coqany has raised Chamberlain Dea
35 feeL increasing its storage from 164 eillLon &Ilone to 894 million gallons.
Thus in the fu&ure additional space has been provided to store and retain flood

Whbile Coeany ~ed land will rmLn well forested, retaining normal
yield and runoff, the areas owned by others vill continue to be developed for
other uses - *sees which vl inevitably increase the amount of storm rnsoif

Sand th --us

D-10
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NEW HAVEN WATER COMPANY
NNOW HAVEN. CONNECTICUT Ome

if 4 -$ 3 April 12, 1965

FKr. Joseph W. Cone, Ir~~: ~ ~ ~ d-3
Civii Engineer,
124, Havemeyer Place,

I Greenwich. Conn.

Dear Mr. Conet (

R~erring to your letter of Apr!l 2, 1965, we enclose

followinn:

1. Data forms for Chamberlain, Glen, Bethany, Watrous sad Damoe m. Do"

2. Plans for above dams.

3. Sanitation map showing limits of watershed tributary to abcy dames.

In the period from 1937 to the present, depths over the sptIlways
of the above dames in most cases have been less than one foot.

O Our rain gauge at Lake Davon recorded a total of 4.14 " t e 
August 8 - 14, 1955 storm. It recorded 6.61" on August 18-19, 1955. in
one 24-hour period rainfall totalled 4.8;". None of the runoff west
downstream but Lake Dawson was full at the end of the storm.

The Lake Dawson rain gauge recorded 8.84" of rain in the
October 14-17, 1955 storm, or which 5.85" fell in ome 24-hour period.
This storm filled the four upstream reservoirs. azimum depths on
spillways occurred on October 16, 1915 and are recorded on the dots forms.

Chamberlain Dan was raised in 1958-1959 and a new larger
spillway was provided. Storage was increased from the oris al 6., ll- .
gallons to the present 894 million gallons.

If you will let me know when you wish to make a field i..pecties,
I will be &lad to make the necessary arrangements.

Youit very truly, f
NEW RAVEN WAItR CO "

** p.' h A. Nova,o
Chlief Emgiaeec

1m
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YOR Lia"0 4759 JOSEPH W. CONS Twlen,
,NTICUT 11lATION 4 CIVIL ENGINEER1 Town="* 941 as

ta4 HAVEMYEVR PLACE

GREENWICH. CONNICTICUT

06630

1June 26, 1965

Mr. William P. Sander
Water Resources Commission
State Office Building
Hartford 15, Conn. Re: Dams #35 - 1 to 5

New Haven Water Co.

Dear Mr . Sander:

~-,First, I apologize for not completing this assign-

ment more promptly; reasons being that a low quality

virus for over a month left me with no pep mentally or

I pbysically, and delays in obtaining certain plans and

information.

The assignment was- awe would like to know the

0 present condition of these dams - Bethany - Watrous -

Dawson on West River and Chamberlain - Glen on Sargent

1River, a tributory to We3t River above Dawson Dam.
In my opinion, ,. "condition" of t-hese dams is

good as regards masonry of the throe masonry gravity

dams and the upkeep of two earth embankment dams.

But as regard to whether or not the dams are safe,

1particularly as regard apillyat capacity, my opinion is

i as follows:

35-1 Bethany Spillway is inadequate. However a thin

sheet over a length of 990' will do comparatively

little damage except to highway. The gravity

soction is safe.

IB



Mr. William P. Sander -2- June 26, '65

I 35-2 Watous, Generally same remarks as for Bethany.

35-3 Chamberlain Spillway is adaquate in every respect

as is the dam. It is reassuring to find a spillway

that will carry 1525 ofs per sq. mi. on 4.1 sq. mi.

Note Items #26 & 28 on Data Sheet.

35-4 jLen Spillway is nowhere near adequate. In fact,

Oct. '55 flood nearly overtopped earth section at

left or east abutment. Section of dam is safe.

Right abutment should be raised to protect

highway.

Left abutment should be investigated:-

(a) To determine whether or not there is a core

wall*

(b) Possibility of emergency sptllway or fuse

plug.

(c) Note Items #26 & 28 on Data Sheet..

35-5 Dawson Present spillway is entirely inadequate

to carry probable floods of the present and future*

j In fact, the dam would have been overtopped if

certain saving factors had not been oresent in

1 oct. 1955.

" (a) Not an excessive rainfall, only about R of

50 yr. (Compare witb precipitation graphs)

M(b Several ot reservoirs were below FL (See data

Inotes by Navaro which you have)
.1
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M. William P. Sander -3- June 26, 165

I (c) Flood Q 15 at Dawson of about 2100 ofe has

an R value 3.8 (.i00 5 560 equivalent to

1 120 yr on old Conn. curve and 55 yr on re-

vised l9w5 curve. (See graph PL 13)

Items #26 & 28 on Data Sheet are particularly

I illuminating*

It does not need a lively imaznation to visualise

what would happen to Westville and New Haven if Dawson

should be overtopped; Norwich failure would be peanuts

comparatively,

A brief discussion of pertinent data and situations

follows. Also there are prints of sections of dams,

I O precipitation graphs and various other graphs that I

used or are pertinent to this Inve:itigation for general

Information or checking purposes.

I Please excuse the informality and crudness of che

matter submitted, the objective being to r,duce costs to

Ithe mihImum.
I would observe that Mr. Navaro, Mr. Ferris and Mr.

Reynolds of the New Haven Water Co. were most cooperative

I as was .X'. Thomas of the U.S. (eolo-ical Survey.

My recommendation is that the New Haven Water Co.

ibe advised that their consulting engineers should Inves-
tigate the entire syste*, with particular emphasis on

.B
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S Mr. William P. Sander June 2 6D 165

I coonditions at Glen and Dawson, and submit correctly.

3egr s Yours very trulyO

I -e
JVC/dr 'J. W. Cone

I Eno: Part II
Photos (11)
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NEW HAVEN WATER COMPANY
NEW HAVEN, CONNECTICLI" O04

July 15, 196-:T. Wi.ER RE5OUECESR RESOUCES

Mr. William Wise, Director,
Water Resources Commission,
State Office Building,
Hartford 15, Conn. .

i , ._. .. ............ .......

Dear Mr. Wise: i ....................... ..........

As promised we are writing to report pro~rpss to date on the
studies of our West River System.

Oyr consultants, Malcolm Pirnie En!i.nrers, have ,athered all
available data concerning the 1955 hurricane storms and the characteristics
of the West River and Sargent River watersheds, reservoirs, and dams. This
information has been supplemented by a field investigation by them.

They are using the unit h.drograph method of analysis. TheirIfirst step is to reconstruct one of the 1955 storms and route it through
the watersheds. If, by this procedure, they can produce, within reason,
the conditions which were observed at the various dams during the 1955
storms, the characteristics of the unit hydrolraph and the procedure can
be considered verified.

Wi'th the procedure verified. the,, plan to route a 100-year storm
and a 1000-year storm thmuch the reservoir r .te,,s. The results of these
runs w-1l be used to determine what iriprovererntr to re-omnend. Stability
anal'.,ses will be made after the des!-,n hydraol'. condtirions have been
determi.ned.

To date our consultants have compicted thir -eneral hydrologic
investigations; have constructed unit-hydrographs to be used with the
drainage areas tributary to each dam and reservoir; have seloected and
arranged rain all data to be used for tho 1955 storm and for the 100-year
and 1000-year storms and have computed In-flow hydrographs into each of the
resrrvoirs for the 19gr'storms. Rating curves are being computed for each
spillway. When these computations are completed the 1955 storm will be
routed through the system in order to verify the procedure.

1Our consultants advise that their final rer,)rt should be ready
5v 0he end of September.

Y ,,rr vur" tr, .
NEW 1lAVEt WATER COMPANY

&ge ,ph IA. Novaro
V~io .neer

1B-18
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NEW HAVEN WATER COMPANYI NEW HAVEN, CONNECTICUT

REPORT ON
FLOOD FLOWS AND SPILLWAY CAPACITIES

WEST RIVER SYSTEM DAMS

JANUARY 1967

MALCOLM PIRNIE ENGINEERS1. Office Park
226 Westchester Avenuefh~ White Plains, New York 10604

U B-19
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I. PURPOSE AND SCOPE

I On June 26, 1965, Mr. Joseph W. Cone, Dam Consultant to

the Water Resources Commission, reported to the Commission

the results of an assignment by the Commission to study the

present condition of the dams owned'by the New Haven Water

I Company on the West River and its tributaries. Mr. Cone's

report, which will be summarized later, was not intended to

be a comprehensive study of the dams in question. It indi-

1cated that spillway capacities on four of the five dams
concerned were less than considered desirable, and recommended

that a more detailed engineering study be made by the Company

to determine deficiencies, if any, and the necessary cor-

rective measures.

Subsequently, Malcolm Pirnie Engineers was authorized to

study the adequacy of all spillways in the West River system

and make recommendations as to changes and additions.

I

I

4 
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,. II. DAMS INVESTIGATED

The dams under investigation store water for the West

River or Woodbridge system and are located on the West and

Sargent Rivers of Connecticut. The dams impound runoff

from a total drainage area of 13.6 square miles, the southern

extremity of which lies approximately one and four-tenths

1miles north of the New Haven city line. The system has a

yield of about 10 million gallons per day.

The following tabulation contains pertinent data con-

cerning the dams.and reservoirs studied.

Bethany Watrous Chamberlain Glen Dawson

Date Built 1892- 1914 1899- 1907 1889
1931 1959

Drainage Area S.M.

Direct* 3.8 3.3 4.0 1.7 0.8

Total 3.8 7.1 4.0 5.7 13.6

Res. Cap. MG 650 725 894 197 325

Res. Area, Acres 105 109 102 26 69.5

Spillway Data

Elev., MSL 2e3 398 3.aQ- 15-r5

Freeboard, Ft. 4.25 5.0 12.0 4.0, 6.0

Length, Ft. 80 70 50 40 80

'Does. not include drainage area above upstream dam.

Additional data are as follows:

Bethany - Gravity masonry section built in 1892, faced with . -

concrete in 1931. Downstream embankment. Spillway on dam 4

B-21
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crossed by bridge of limited headroom. Downstream channel

not limiting.

I Watrous - Lies two miles downstream from Bethany Dam

on West River. Watrous is a gravity concrete section with

I an earth embankment on the downstream side. Its spillway is

I not obstructed and the channel leading from the spillway is

not limiting. Watrous Dam is about 0.6 miles upstream from

Lake Dawson.

Chamberlain - Chamberlain was built of earth on the

Sargent River branch of the West River, with a masonry core

wall, in 1891. It was raised 35 feet and a new spillway was

constructed in 1958-59. It has a side channel spillway with

ample downstream channel capacity.

Glen - Glen Dam is a gravity concrete structure on the

i . Sargent River one and one-half miles below Chamberlain Dam.

Dawson - Dawson Dam was built in 1889. It is an earth

structure with a concrete core wall. The spillway channel

' was damaged in the 1955 hurricane flood and rebuilt shortly

thereafter.I
The West River continues to flow in a southerly direction

below Lake Dawson, passing through Konolds Pond and between

New Haven and West Haven to Long Island Sound, about six-miles

away.

1B-22
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III. REPORT OF STATE WATER RESOURCES COMMISSION

3 Mr. Joseph Cone's report considerced flood experiences

at each of the West River dams and estimated the f lows that

I spillways of these dams could carry safely. The report did

not include a detailed study and was in effect a reconnais-

sance study of the structures in question. A detailed study

I was left up to the Company, and this present report concerns

more detailed studies of each dam and spillway.

I Mr. Cone's conclusions are summarized as follows:

1 (1) A storm with a recurrence interval of 1,000 years
probably should be used in studying dam safety.

1 (2) The most severe storm of record in the West River

area, that of October 1955, was probably one with

a recurrence interval of less than 100 years.

1 (3)The West River drainage area is approximately at

the lower size limit of the Connecticut Formula.

Flood flow from its smaller parts can probably be

better estimated using the formula below:

Q aRF xLF xFF x9A2/

I Q *Flow, cfs
RF a Rainfall Factor
LF - Ground Cover Factor
FF = Frequency Factor
A = Area in Acres

('4) Spillway capacities of the five reservoirs of the

West River system are estimated as follows:

B-23
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Dam cf csm

Bethany 1,980 540

Watrous 2,660 380

Chamberlain 6,300 1,525

Glen 1,120 195

Dawson 2,870 215

(5) The report concludes as follows:

(a) Bethany should be able to carry a flow of over

4,000 cfs and with a 1,000-year storm would be

overtopped by one foot.

(b) Watrous spillway will barely carry flood from

its direct watershed and hence is deficient in

4capacity by the flow from Bethany or 4,000 cfs.

(c) Chamberlain has an adequate spillway.

(d) Glen was nearly overtopped in 1955 and will be

overtopped by a greater storm.

(e) Dawson was nearly overtopped in 1955 and can

be expected to be overtopped with any greater

storm.

(6) It recommends a comprehensive study with corrective

measures to be applied as soon as possible.

I
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IFROM SCTION V: FLOOD FLOWS) 13

These estimates indicate that at peak flow the Bethany

Reservoir is about 1.3 feet below the top of the dam;

Chamberlain Reservoir is about 7.7 feet below the top of the

dam; and Watrous fLeservoir is about 0.3 feet below. Both

Watrous and Bethany are masonry sections and little or no

freeboard is essential, although some is usually allowed to

prevent waves from splashing over the dam.

The spillway at Glen Dam will presently carry about

1,200 cfs before the dam is overtopped. It is estimated

that this storm is of the magnitude that has a recurrence

interval of about 300 years. The 1,000-year storm, as used

in this report, would produce a reservoir elevation about

1.0 foot above the top of the dam. The dam is of masonry and

could withstand overtopping. The overflow would be volumin-

ous and would result in considerable erosion below the dam.

j In our opinion the risk is too great to continue operation

of this reservoir with the present spillway capacity even

though overtopping of this reservoir is not likely to cause

danger to life and the Dro VZty.of others below the West

River system. Methods of increasing spillway capacity are

I discussed in Section VI.

Dawson spillway will carry a flood of 3,620 cfs with no

I freeboard. With 2 feet of freeboard, the minimum we consider

I feasible for this dam, the spillway will carry about 1,900 cfs,

The estimated outflow for the 1,000-year storm is 5,300 cfs.

I In our opinion the Dawson spillway can safely carry a storm

Uwith a frequency of about 150 years. Dawson is the lowest

U" B- 25
- pw - -~ - . - - -



*1J4

dam in the series on the West River system and is located

above a populated and developed area that probably would

suffer severe damage and possible danger to life in case

of failure. As it is an earth dam that must not be over-

topped, even by wave runup, its spillway capacity must be

increased materially. Methods of doing so are discussed in

Section VI.

Westfield, Massachusetts, Storm of 1955

To investigate the effect of a storm similar to the

Westfield, Massachusetts, storm of August 1955, the Norfolk,

Connecticut, recording rain gage record of the storm was

adjusted to equal the 24-hour readings taken at the Westfield

gage and the resulting storm was transposed to the West River

watershed. Hydrographs were constructed for runoff from the

storm,which flows were routed through the reservoir system.

This storm produced much more water than the 1,000-year

storm, and the peak flows are of the magnitude of 50 per cent

greater. The following tabulation compares the two storms.

Outflow from Reservoir) cfs
Reservoir l1 000-Year Storm Westfield Storm

Bethany 1,500 2,200 11o 0
Chamberlain 1,800 2,700
Watrous 2,800 4,300. 06(o .

" -Glen 2,300 93,800 I-oo -
Dawson 5,300 I ,8,700 3(-s '

* Figure 2 shows a visual comparison of the two strms in

terms of outflow from Dawson Reservoir.

:I B-26
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The Westfield storm produces out.-'lows within the spill-

way capacities of(Bethany And Chamberlain. Watrous is

overtopped by about 0.2 feet. In view of the uncertainty of

I the estimates and the construction of the dam, this slight

overtopping does not appear of great concern.

IBoth Glen and Dawson would be overtopped to a greater

extent than in the 1,000-year storm, and this factor has

been kept in mind in considering methods of increasing spill-

way capacity discussed in Section VI.

i

1
iI

I

ii

1. - -28 !
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VI. METHODS OF INCREASING SPILLWAY CAPACITY

In our opinion there is no need to consider modifica-

tion of the Bethany, Chamberlain or Watrous spillways to

provide additional capacity to carry flood flows. Serious

consideration must be given to the effect of probable future

flood flows at Glen and Dawson spillways.

Glen Dam

For Glen spillway to carry the 1,.000-year flood without

overtopping the present dam and without use of the blowoff

will require increas n& the spillway length to 78 feet or,

with present len th increasing the freeboard to 6.0 feet.

To carry the Westfield storm requires increasing the spillway

length to cP.thfreeboard to 9.2 feet using the

present length. The factor of safety against overturning for

Glen Dam, as determined in Section VIII, is as small as can

be tolerated when the water level is 4 feet above the spillway

crest, so raising the dam does not appear feasible.

It appears possible to add the required length by build-

ing an extension to the existing spillway at a 90 degree

angle or by installing an auxiliary spillway at the north end

of the dam. Either is feasible, although there are advantages

to confining such work to the present spillway location so a

common discharge channel may be used. The existing spillway

may also be replaced by a side channel spillway 95 feet long.

Glen Reservoir has a small storage capacity and is

principally used to provide workable head conditions for 0

B-29
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the Sargent River portion of the West River system. Lower-

ing the normal reservoir level 5 feet would decrease storage

by about 40 million gallons and would reduce the yield of

the West River system a very small amount. At full reservoir,

pressures would be reduced about 2 psi.

I Although the urgency of providing more outflow capacity

I for Glen is not as great as for Dawson, it is advisable to

modify the Glen spillway at an early date. The least expen-

sive method of doing so appears to be by lowering the

spillway crest as shown in Figure 3 to permit passing future

.extreme floods without overtopping the non-overflow section

of the dam. For the l ar storm used in our stu the

spillway should be lowered at least 2 feet. For the

I Westfield storm it should be lowered 5 feet. In view of the

uncertainty of all methods of estimating future flood conditions

and the minor effect on system operation if this plan is

followed. we recommend lowering the Glen soillway by 5 feet.

The cost of cutting down and reshaping the spillway crest is

estimated to be of the magnitude of $5,000. The work does not

require extensive preparation and can be started at any time.

Crest gates could be installed on the spillway after

lowering to maintain present storage. They would add approxi-

mately $100,000 to the cost.

SI An alternate method of obtaining the necessary spillway

capacity while maintaining present water levels would be to

rebuild the spillway. This alternate will cost about $100,000,

approximately the same as the crest gate alternate. Given the

B-30
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two choices, we prefer extending the fixed spillway rather
than utilizing crest gate. with their attendant maintenance

I and operation problems.

Dawson Dam

The spillway at Dawson Dam now is 80 feet long. To

carry a flood of 5,300 cfs, without freeboard, the spillway

must be lengthened by about 40 feet. With 2 feet of free-

board, the length must be increased 140 feet. To carry the

Westfield storm of 8,700 cfs without freeboard would require

extending the spillway 115 feet. Extensions beyond about

30 feet by projection of the spillway line, are difficult

because of topographical conditions. Extending a side channel

spillway northward alongside of the reservoir would neces-

sitate channel construction through the existing spillway

channel. Detailed studies have not been made, but preliminary

examination indicates that it will be less costly to lower the

existing spillway: If the spillway is lowered 5 feet and

2 feet of freeboard are allowed, it will carry a flow of about

7,200 cfs. This is more than the 1,000-year flood of 5,300

- cias and less than the Westfield storm of 8,700. The Westfield

storm would reduce freeboard to about I foot. The cost of

lowering the spillway 5 feet would be somewhat greater-than
lowering It 3 feet, which would allow no freeboard for the

1,000-year storm, but the major ditferqnce would be in rockj

excavation, and the added safety would be worth the difference

in cost. We recommend lowering the spillway 5 feet as shown

In Figure 14. at an estimated cost of $125,000. B3

B7 . -32
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Dawson Reservoir Is at too low an elevation for direct

service, and its yield is now pumped- into the system when

Ineeded. Lowering the spillway 5 feet would reduce storage

gby about 110 million gallons and would reduce slightly the
yield of the West River system. Other considerations may

indicate the need of maintaining water levels at present

flow line elevation. If so, crest' gates may be Installed

I at a cost of approximately $150,000, making the total cost

I of the work approximately $275,000.

1*-3
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VII. EFFECT ON YIELD OF LOWERIN SPILLWAY ORESTS

I If Glen spillway is lowered 5 feet, storage is reduced

about 40 mg. If Dpwson is lowered 5 feet, the loss in

I storage is 102 mg. Total storage loss if both spillways are

i lowered is 142 mg.

During the 1964-66 dry period, water produced from

I May 20, 1964, to November 1, 1966, averaged about 8.1 mgd.

The minimum amount left in storage in February 1966 was about

1626 mg. With no reserve allowance, and assuming that the

reservoirs refill by next June, the supply could have been

increased about 0.6 mgd and the system yield would be 8.7 mgd.

If 20 per cent storage was allowed for emergency reserve, the

yield would be approximately 8.2 mgd.

The loss in storage by lowering the spilway would have

decreased yield over this dry period by 0.13 mgd. During wet

periods when the system refills each year, loss of yield

would be greater and, in a year when Dawson is below flow line

level for a 6-month period,.the reduction would be about 0.8 mgd.

* 4.
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VIII. STABILITY OF DA4MS

j Stability of each dam in the West River system has been

investigated. Chamberlain and Dawson are earth dams with

I satisfactory sections. Bethany and Watrous are masonry dams

with massive earth backup on the downstream side. There is

no question as to their stability.

I Glen Is an exposed masonry dam and its stability has

been investigated against overturning. Because of the con-

Istruction, it is safe against sliding. When full to the crest

of the non-overflow section, presently 4 feet above the

spillway elevation, the factor of safety against overturning

J is 1.18. If the dam is raised one (1) foot, which could be

easily done, the factor of safety decreases to 1.11, as shown

'I In Figure 5. Since uplift is probably less than assumed, we

I estimate that the dam is safe against overturning as long as

the maximum water level does not exceed the top elevation of

the existing non-overflow section. We do not recommend any

increase in height.

B-3
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IX. RECOMMENDATIONS

We recommend that the Water Company increase the capa-

city of the spillways at Glen and Dawson Dams by lowering

I each of these spillways approximately five (5) feet. Since

a major storm may occur at any time, the work should be done

as soon as possible.

B44
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NEW HAVEN WATER COMPANY STATE WATE iRESOUCES
NEW HAVEN, CONNECTICUT COMMISSION

RECEIVED

I NOV . 1967
i k~~NS W E L D . - - "

MEMORANDUM REPORT TO WATER COMPAN4RED

ON
INVESTIGATION OF THE EFFECTS O9 A FLOOD
PRODUCED BY THE MAXIMUM POSSIBLE STORM

ON SPILLWAYS OF WEST RIVER SYSTEM

AUGUST 2, 1967

The effect of the "maximum possible storm" on the-West

River System is reported in this memorandum.

i The "maximum possible storm" employed Is d1efined and

i* quantitatively estimated in U. S. Weather Bureau Iydro-

meteorological Report No. 33 entitled "Seasonal Variation

of the Probable Mnximum Precipitation 1'a: t of' the 105th

Meridian for Areas from 10 to 1,000 Square Mle3 and Dura-

I tions of 6, 12, 24 and 48 Hours." The report defines the

1 "maximum possible precipitation" as "the critical depth-

duration-area rainfall relation for a particular area during

vavtou.; months of the year, that would re ult if" conditions

durinr, an actual storm in the region were increased to

ronresent the most critical mcteoroloiical conditions that

are considered probable of occurrenc,. '

As shown on Exhibit 1, the rainfal.l totals used for the

West River System analyses are for duratlons or 6 and 12 hours

O on an area of 10 square milo.; for Se'tinhtL -- the most severe

month for the vIinity of 'ew Haven, Coirictlcut. The hourly

1 8 -41



I distribution of the total rainfall assumed is according to

.g, Figure 4, page 32 of U. S. Department of the Interior

I publication "Design of Small Dams." Thr. listribution is a

I comparatively severe one with 50 per cent of the 6 hour total

falling within 1 hour.

The sequence in which the hourly totals were arranged

is in accordance with the recommendation made on page 50 in

I "Design pf Small Dams." The arrangement of the 12 hourly

increments is 11, 9, 7, 5, 3, 1, 2, )4, 6, 8, 10, 12, where

the number reoresents the order of magnitude with the lowest

I number representing the largest magnitude. This arrangement

gives a flood greater than one based on the assumption that

the greatest hourly increment of rain occurs during the

first hour of a storm

The effective, runoff-oroduclng rainf'all was estimated

by subtracting 1 inch initial tnfilt-i. ton and 0.1 inch per

honir thereafter from the total rainfall.

In order to pass the unusually hi,,h flows for the "maximum

possible storm," several modifications of both the length and

crest height of spillways were tried. Spillway rating curves

and stage capacity curves for each oi' Lho Nl'vc vcervolrs are

shown on Exhibit 2 and Exhibit 3, re.;pectlvely.
I

The unit-hydrographs and routing procdur,::; employed are

those outlined in our report of Januarv, 1967. Detailed

co!iput at ions are shown on Exhibit 14, piges I through 8.

I The ilflOW-outflow curves' for ,,.tch of the r-eOrvoirs are

shown on Exhibit 5, pages I thouir,h 3. Art no ;.-irni icant

1 stora ,e effect is obtained f'ron I ~a>.e L,.w,' , tile outflow

I B-42



jhydrograph as shown on Exhibit 5, pare 3, will be the same

S with a spillway 250 feet long.

I The' naximum possible" flood outflowF at ench of the West

R~iver reservoirs and the conditions a'. the :plllways are

summarized below:

3Dam Peak Spillway Free- Maxinum Head (ft.)
Discharge Board Over Over Darn

cfs ft. Spillway Crest

I Chamberlain 7200 12.0 10.8 -1.2

I Glen 9665 9.0' 11.3 +2.3

Bethany 7350 4J.25 5.2 +1.0

Watrous 15,4~00 5.0 71.1 +.1

Dawson

80' Spillway 26,260 11.5' 13.8 +2.3

250' Spillway 26,260 11.0' 9.0 -2.0

*Froeboa-.rd above proposed znow sill clevatton

I~~~~~J1 
Mj .- L-.A-_ __ _ _ _ _ __ _ _ _ _
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STATE WATER RESOURCES
COMMISSION

REC E:IVEDo

I ANSWERED)

REFF.RRED

FILED__________

FxAST/nq concrc-e

212_0 Cutoc tO? rqinl/

EA7$T/A/G SECTION1 Y4*- /'-o"

1 NEW HAVEN WATER GO.
LENGTH OF SPILLWAY 40-- NEW HAVEN CO NN.

SL.OWERING OF
GLEN SPILLWAY

.1 REMOVAL OF
* EXISTING CREST

ALCOLM PIRNIE ENGINEERS D EC. 1967 DWG. NO. 56C- 67. 001 -0



3 STATE WAtER RESOURCES DWG.Z OF

" COMMIS'SION

TABLE OF
"7 'Q69 SPILLWA Y COORP/V'A TES

ANSWEREoD-

REFERRED

SFILED_. , . X Y

I / 0 .167

2 1167 o.22
3 1.667 0-05
- ..167 0.0

.2.6U67 0.0
S. 6 3.1.67 O.a

- " " "7 4 .16 7 , 0 .4 .5 "
" " "",5. 167 0.'96

'- L ,:-.., 44 /2Ea /0 7.16-7 2SO
,-7okw/d 1 / 8.1ICa 3.50

1.212 D~mensio".s 9JJen/ ind cIrolJ of o aoot
4A-1o I Cut onel ,grind

to t- roath surface

.Y. ",ho/es ~,"Is .re

Fi lled.- V/1oos- shrwk gra-o4

*1

I

LENGTH OF SPILLWAY 401:

NEW HAVEN WATER CO.
£ NEW HAVEN, CONN.

LOWERING OF
GLEN. SPILLWAY

R NNNEW PROFILE
MALCOLM PIRNIE ENGINEERS DEC. 1967 DWG.NO.56C-67.O02-0'~ "-B45
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Hartford, Connecticut

API'LICATION FOR CONSTRUCTION PERMIT FOR DAM

.H.,t n Wt ' (,nmna. liti J

.3 '.i,(~ss Box /7

ew Haven, Connecticut Tel, No. 203-77-255-

... * " of Structure:
New Haven andI _j[jnn ihvig,( ev. b ) Shown on USGS Quadranglevirinity C.nn.

•-L Stream Sar Rent River at 14; j nches=Mi Xk of Lat. 419 - 2 2 ' - 3 0 "

jnorth
and2-1/2 inches east of Long.7 000,

sxx
| cimis for reaching site from nearest village or route intersection:
.- ' sketch on reverse side)

.$e_ Attached Plana

i an application for: (New Construction) (Alteotion) (Rear) (Removal)

(check one or more of above)

, nd is Lo be used for: Storage

:-or of Pond: width 330 ft. avg. length 3.000 ft. area 21 acres

depth of water immediately above dam: fe_ e______

" ith of dam: 370 ft. .

f pillway: 40 ft.

il-i of abutments above spillway: 9 ft.

1 . spillway construction: Concrete

t dike construction: Gravita ConP%czet

S.,y section will be set on: (Bea&ck) (Gravel) (Clay) (Tiltl
I (check one of above)

* ', ,s: Existing spillway saetlon is npt on bedrock ....

4. Name of Engineer, if any MALCOLM PIRNIE ENGINEERS
:how details of

.,,Lton on reverse side B-47

99-.



bAMFLt UAIA AI*'LI(IANT'S u'
Show only features of sample wt,,,-; a,

applicable and dimseslons which reflect Y-u: i

<),fAJION SECH N. LOCATION SKETCH

See Location Plan on Sheet 1 of
Lake Dawson Plans.

-1 TE PAIEPA

7 I

PROPOSED POND p~ - 3,000'

~LLWAY SECTION SPILLWAY SECTION

a - 13' mini. (varies)
b - 60' max. (varies)

f~~ c = 9'
"itr Srfae * L-e -2' min. (varies)

h -. 001, = 3.0'
"il jy Crsiffh - 6.0' (1,000 year storm)

Sfa Concrete Conc r y
Abutment Spillway 451

~ ode,((\\qIv\~-I/ NOTE..(,-wl 9 ~g sIf there are two methods of discho'rrqe S h

IK-E-Sr.CTION - DIK-E -SECT10-N- (Existin-g Gravity
Concrete)

hI
I* m -44 1 m 91

t - 20' max (varies)

qil urfcerConceteI ~V - 70' max (varies)

$ core

7 B-48



August 20, 1968

MEMO TOt File

FROMs William H. O'Brien III

SUBJECTs GLEN DAM - WOODBRIDGE

The following information was obtained from Mr. Raymond Dugandzic

of Malcolm PLrnis Engineers in the process of the design review of the spill-

way modifications.

The proposed spillway will accomodate the outflow from the transposed

Westfield storm with the water level at the top of the dam (no freeboard.)

William H. O'Brien III

II 8-49



NEW HAVEN WATER COMPANY

NEW HAVEN. CONNSICTICUT OS

I STATE WATER RESOURCES
August 19, 1969 COMMISSION

RECEIVED

State Water Resources Commission
i State Office Building,

Hartford, Conn. ANSWERED__

REFERRED
ef: G on Sargent River FILED_

Woodbridgel Conn.
construction Permit Aug. 20, 1968

j Gentlemen:

This is to advise that the lowering of the spillway of
Glen Dam has been completed in accordance with the original
drawings furnished to your office, copies enclosed.

In addition, regrading the upstream side of the spillway
was accomplished in accordance with enclosed Grading Plan in order
to provide adequate approach channel to the lowered spillway.
Rock removal was accomplished by line drilling, wedging and barring.
Explosives were not used.

Our Mr. Donald Jackson and I will be available for your
final inspection at your convenience.

Yours very truly,
NEW HAVEN WATER COMPANY

Sse . Novaro

Chief Engineer

I Copy to Mr. D. Jackson

1"°I
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F/_212_00 cu~t and~ qrin ci
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LENGH O-SPLLWY 49-tNEW HAV~EN WATER GO.
LENGH O.SPLLWY 4'.tNEW H1AVEN CONN.
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xlc-dilo amGLEN SPILLWAY
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TABI-E OF
"P/I4LWAY COORDIA TES

Sr. x y

S/ 1.1670.22

3 1.667 o.05
+ ?.167 0.0-

7 4.167 0.45
V.. Z/.0 8 " 5167 0.96

78 XV@~j 49 10-10 166
-- r.2-i- -  /0 .7 a

4194,2. 0" z 96" ,Z

deaclQ/ of a Foot*
*'t..Cut ond 9 r,lJd

to smooth surface
Y'".Y'. "', ho/e$ / @" s~o, 9er.o

Filled ov/ on -SAr yra&4

N W SPl/1/AAY SECT/ON

LENGTH Of SPILLWAY '40'!

NEW HAVEN WATER CO. t
NEW HAVEN, CONN.

.a , 0/ n. LOWERING OF
M.O' . GLEN SPILLWAYNEW PROFILE
MALCOLM PIRNIE ENGINEERS DC. 196" OWG, NO.56C-67.
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I EPARTMENT MSAGE SAVE TIME: Handwritten .sage are acceptable.
Pte 2/69 ii)-iyrmy"da cef

- TA0EMCY DATE
I File WA Water Resources Comiission March 1, 1971

William H. O'Brien, III j Water Resources Commission TELEpI ow

Civil En ineer... ..

'! Glen Lake Dam, Woodbridge

On Feb. 24, 1971 the undersigned observed at least two ever-

greens, approximately 8 to 12 inches in diameter growing within

approximately 3 feet of the downstream concrete wall of this struc-

ture. The dam is approximately 25 feet in height at this point which

effectively shields the bottom half of the trees from wind howeverp

there is some 30 to 40 feet of the top of the tree exposed to wind and

it is assumed that the roots could conceivably cause a deteridltion of

the concrete wall.

ICivil Engineer

WHOa li g

SAVE TIME. If convwenient, basidwrite reply to eierON$ IS DaS e 14

1
I

S-54
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I 29 June 1973

I

I Mr- Richard P. blkgh
ow Haven ate Company

100 Crown sweet
Maw oven, Of 06006

1Re$ Dawson Lake Dam
Glen DamI ,/ Woedbidge

Deor Or. bloaghe

Enolosed please find the Certificates of Approval for
the subject dams.

Puri ga inspection we found that the construction
work was prflmed according to the plans submitted.

Althoiuh we are not ordering their removal from thestandpoint of good maintenance Wactices$ the trees at the
base of the Glen Dom should be removed.

Very truly yours.

Viete F. Olgowaki
Supt. of PM Jbintenance
Mn I& elated Resources

Encl osues

9_55



STATE OF CONNECTICUT

I DEPARTMENT OF ENVIRONMENTAL PROTECTION
- STATE O()kfCE BuILDING HART1-RD, -. NPCTICUT 06115

WATER AND RLSATED RESGJRCES

1 29 June ,973

DAN W t.UMKIN CERTIFICATE OF APFROVAL| COMMSSIONERI
I

New Haven Water Company3.0 crown Street

TOWN: Vo1bidg*

Attentions Or. ithurd P. WAINha RIVERftst Rivas
TRIBUTARY: Sregent Il3wr

DO tro WNdh CODE NO.:qW

NAME AND LOCATION OF STRUCTURE: This dm ts known as Glen Dw and is located
on the SegsM Mw: i the tan of Wooeadpo

DESCRIPTION OF STRUCTURE AND i4ORK PERFORMED: Altootions consisted of the zemovs
of the top of th existing spillway and xeplaclng with a new crest. The length of

the spillway to s&ponlately foty feeto

CONSTRUCTION PERMIT ISSUED UNDER DATE OF: hgiust 2D, 1968

This certifies that the work and construction included in the plans

submitted, for the structure described above, has been completed to the

satisfaction of this department and that this structure is hereby approved
in accordance with Section 25-L14 of the 1971 Supplement to the General

Statutes.

StThe owner Is required by law to record this Certificate in the land

records of the town or towns in which the structure is located.

1A
Comm: ssioner

I

Inl B-56 j
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M

PHoTo 1 -upstream view of dam. Note earth dike adjacent to
left abutzent.

'I

PHOTO 2 -Left dike frcn upstream end. Note rubble stone
wall on downstream side of dike.

) RYENGINEER DIV. NEW ENGAN Glen Lake Dam

O RPS OF ENGINEERS NGAOATNLPR RMOFSargent River

ALTHA ENG MEASSIC INSPECTION OF Woodbridge, Connecticut
CAHNENGIEERSINC.CE* 27 f660 IA

WALLINGFORD, CONN. NON- ED. DAMS AEMy79 PG C-
ENGINEER DT~y19PG -



PHOTO 3 -Stone headwall with 30 inch low level outlet pipe
and 8 inch well drain outlet pipe at downstream
toe of dam b

4-Concrete spillway weir spanned by foot bridge.

Note cracking and aff loresence of abutment training
wall.

US ARMY ENGINEER Div. NEW ENGLANDTO NA RGA OF IGlen Lake Dam
cOAPS OF ENGINEERS NAINLPORM Sargent River

WALTmANI, MASS NP TONo WodideCnec cu

CAN4N ENGINE ERS INC. INPCINO odrde onciu

WALLINGIFORO. CONN. NON- FED. DAMS CE* 27 660 KA



PHOTO 5 -Upstreamn face of dam and gatehouse from right abutmnent.

1HOTO 6 DoIwnstream face near left end of damn. Note trees
growin~g in close proximity to exposed toe of dam.

USARMY ENGINEER DIV. NEW ENGLAND Glen Lake Damn__.
uS CORPS OF ENGIlNEERS NATIONAL PROGRAM OF SagnRie

I *AL~HAM, MASS SaPCTO Fodrge iv e tct
CAHN ENGINEERS INC. ISETO F WobigCn~ciuI wLLaNeFoRD, COON ONFDDAS CE* 27 660 ICA

ENGINEE O-FE.DM DATE May_79 PAGE -
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APPENDIX D

HYDRAULI CS/HYDROLOGIC COMPUTATIONS
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MAXIMUM PROBABLE FLOOD TiVLoyS
NED RESERVOIRS

Prjc .A. KPF
(zfs) (eq. ml.) cfe/sq. at.

i. lall 4eadov Brook 26.600 17.2 1,546

2. East Branch 154!00 9.25 1,675

3. Thmaston 15,ti00 97.2 1,625

4. Northfield Brook 9,000 5.7 1,580

S. Black Rock 35,000 20.4 1,715

6. dancock Brook 20,700 12.0 1,725

7. Hop Brook 26,400 16.4 1,610

8. Tully 47,000 50.0 940

9. Barre Falls 61,000 55.0 1,109

10. Conant Brook 11.900 7.8 1,525

11. Knightvllle 160,000 162.0 987

12. Littlevllle 98,000 52.3 1,870

13. Colebrook River 165,000 118.0 1.400

11. mad Liver 30,000 18.2 1,650

15. Sucker Brook 6,500 3.43 1.895

16. Union Village 110.000 126.0 873

17. Worth lartland 199,000 220.0 904

18. North Springfield 157,000 158.0 99.

19. Ball Mouatain 190,000 172.0 1,105

20. Tommhend 228,000 106.0(278 total) 820

21. Surry HouDtWSi 63,000 100.0 630

22. Otter Brook 45,000 47.0 957

23. Birch 31111 68500 175.0 505

24. Iast Brimleld 73,900 67.5 1,095

* 25. Veetwille 38,400 99.5(32 net) 10200

26. West Thompson 65,000 173.5(74 net) 1,150

27. Nodges Village 35,600 31.1 1,145

28. Buffemville 36,500 26.5 1,377

4 29. Iasfield 3ollow 125,000 159.0 786

30. est ill1 26,000 28.0 928

' 1 31. Franklin Falls 210,000 1000.020

32. Bleckwater 66,500 128.0 520

33. opkintom 135,000 426.0 316

34, Everett 68,000 64.0 1,062

35. )aDovell 36,300 44.0 825

II



MAXlIUM PROBABLY& FLOWS
BASED ON WICE THE

STANDARD PROJECT TIMCID
(Flat and Coastal Areas)

I
River SPY D.A. MPFI -- f) (sq. .1.) (cfs/-sq. al.)

1. Paytuxet River 19,000 200 190

2. Mill River (R.1.) 8.500 34 S0

3. Peters River (R.I.) 3,200 13 490

4. Kettle Brook 8,000 30 530

5. Sudbury River. 11,700 86 270

6. Indian Brook (lopk.) 1.000 5.9 340

7. Charles River. 6,000 184 65

8. Blackstone River. 43,000 416 200

9. Quinebaus River 55,000 331 330
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I ESTIMATING EFFECT OF SURCHARGE STORAGE

ON MAXIMUM PROBABLE ISCHARGES

fewIN FL O CIP
I J °

i j

j STEP 1: Determine Peak Inflow (Qpi) from Guide
1 Curves.

STEP 2: a. Determine Surcharge Height To Pass
jQp'

b. Determine Volume of Surcharge
I (STORi) In Inches of Runoff.

c. Maximum Probable Flood Runoff In Nevow
1 England equals Approx. 19", Therefore

SQp2 = Qpx1 -- STORi
19

I STEP 3t a. Determine Surcharge Height and

* "STOR2" To Pass "Qp2'
b. Average "STORi" and "STOR2" and

Determine Average Surcharge and
Resulting Peak Outflow "Qp3". I



I
I

SURCHARGE STORAGE ROUTING SUPPLEMENT

I
ST-P 3: a. Determine Surcharge Height and

"STOR2" To Pass "Qp2"!
I b. Avg "STORi" and "STOR2" and

Compute "Qp3".i
c. If Surcharge Height for Qp3 and

"STORAVG" agree O.K. If Not:

STEP 4: a. Determine Surcharge Height and

"STOR3" To Pass "Qp3"

b. Avg. "Old STORAVo" and "STOR3"

and Compute Qp4"

c. Surcharge Height for Qp4 and

"New STOR Avg" should Agree

I closely

II Vi



ISURCHARGE STORAGE R06-TINC ALTERNATE

-Q + -STOR\

Qp2P~ 19/

QP2 Qpi -P Qp(STO R

19/

FOR KNOWN Qpi AND 19" R.O.

Qp2 STOR E L.

1vi



I"RULE OF THUMB" GUIDANCE FOR ESTIMATING
DOWNSTREAM DAM FAILURE HYDROGRAPHS

I €,* / p1  'QpTzI2S

STEP I 2DETERMINE OR ESTIMATE RESERVOIR STORAGE (S) IN AC-FT AT T1IME OF FAILURE.

STEP 2: DETERMINE PEAK FAILURE OUTFLOW (Qpl).

aPt = %7 Wb'V' 0 I

Wb= BREACH WIDTH - SUGGEST VALUE NOT GREATER THAN 40% OF DAN
LENGTH ACROSS RIVER AT MID HEIGHT.

J = TOTAL HEIGHT FROM RIVER BED TO POOL LEVEL AT FAILURE.

STEP 3: USING USGS TOPO OR OTHER DATA, DEVELOP REPRESENTATIVE STAGE-DISCHARGE
RATING FOR SELECTED DOWNSTREAM RIVER REACH.

STEP 4: ESTIMATE REACH OUTFLOW (QP2) USING FOLLOWING ITERATION.
A. APPLY Qpl TO STAGE RATING, DETERMINE STAGE AND ACCOPHANYING

VOLUME (V1) IN REACH IN AC-FT. (NOTE: IF V1 EXCEEDS 1/2 OF S,

SELECT SHORTER REACH.)

B. DETERMINE TRIAL Qp2 "

IP2 (TRIAL) = Opt LI--')
C. COMPUTE V2 USING QP2 (TRIAL).

D. AVERAGE V1 AND V AND COMPUTE Qp2"
' QPZ " QS (I"- W

STEP 5: FOR SUCCEEDING REACHES REPEAT STEPS 3 I'D 4.
APRIL 1978
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APPENDIX E

INFORMATION AS CONTAINED IN
THE NATIONAL INVENTORY OF DAMS
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